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Abstract 
 
Background Multiple sclerosis (MS) is a chronic inflammatory autoimmune disease with unknown etiology. 

Variation in the HLA-DRB1 gene is the potent genetic risk factor for promoting MS. Other agents 
relate with an increased risk of developing MS include the cytokines levels such as interleukin-10 (IL-
10) and the vitamin D (vit. D) deficiency. 

Objectives To study a possible role of HLA-DRB1, vit. D deficiency as a risk factor for MS development and to 
estimate the level of IL-10 in the serum of MS patients and its role in disease initiation or 
progression. 

Methods Sixty MS patients, of them 30 were newly diagnosed with an age range between 13 and 58 years 
were included in this study, in addition to thirty healthy volunteers their gender and age matched 
with patients group serve as a control group.  Blood samples collected to assess serum levels of vit. D 
and IL-10 by Enzyme-Linked Immunosorbant Assay (ELISA) and for DNA extraction, which used in the 
HLA-DRB1 2 digit genotyping. 

Results  
 

The HLA-DRB1 genotyping revealed that the HLA-DRB1*15 frequency was higher but statistically 
insignificant in the MS patients as compared with healthy control group. IL-10 level was significantly 
lower in MS patients on treatment than the control group. On the other hand, vit. D in the newly 
diagnosed MS patients was significantly different from the control group (higher in the control 
group), but there was no variance with MS patients on treatment, the level of vit. D in the studied 
groups was less than global value. 

Conclusion In MS patients the frequency of HLA-DRB1*15 was higher than control group but the difference was 
not significant. In addition, the level of IL-10 and vit. D may have a role in the development of MS. 

Keywords Multiple sclerosis, human leukocyte antigen, IL-10 

 
List of Abbreviation: MS = multiple sclerosis, HLA = human 
leukocyte antigen, IL-10 = interleukin 10, vit. D = vitamin D. 
 
Introduction 

ultiple sclerosis (MS) is a complex 
autoimmune disease, not referable to 
a single genetic or environmental 

factor (1). Several diseases with features 
common to MS are associated with certain 
human leukocyte antigen (HLA), especially 
autoimmune diseases (2). HLA system provides 
a set of genetic loci their proteins play 
important role in immune response. Several 

studies indicated an association between the 
alleles of the HLA-DRB1 and MS. In northern 
European-descended populations, association 
with this gene was identified only within 
families that carried the HLA DRB1*1501 allele 
(3). The family history of MS is a strong known 
risk factor, individual has an approximately 1-
in-750 (0.1%) chance of developing MS. The 
first-degree relatives of the person with MS 
have approximately 2.5% to 5% risk factor to 
develop MS, while the identical twins of 
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patients with MS have a 25% chance of 
developing the disease (4). 
Since MS is an autoimmune disease, there may 
be important role of cytokines such as 
interleukin-10 (IL-10) in MS development or 
course of the disease. High levels of Th1 
cytokines are mostly obvious during 
experimental autoimmune encephalomyelitis 
and MS relapse, but there are high levels of 
Th2 cytokines during remission in MS patients 
(5).  
Vitamin D (vit. D) can modulate the innate and 
adaptive immune responses where its 
deficiency is associated with increased 
autoimmunity as well as an increased 
susceptibility to infection. There is growing 
epidemiologic evidence linking vit. D deficiency 
and autoimmune diseases like MS, diabetes 
mellitus, and rheumatoid arthritis (6). 
The objective of this study was to study a 
possible role of HLA-DRB1, vit. D deficiency as a 
risk factors for MS development and to 
estimate the level of IL-10 in the serum of MS 
patients and its role in disease initiation or 
progression. 
 
Methods 
A present case control study involved sixty MS 
patients with an age range from 13 to 58 years 
who were seeking treatment or those 
attending for the diagnosis in the MS 
Outpatients’ Clinic at Baghdad Teaching 
Medical City in the period from December 2014 
to March 2015. The diagnosis of each case was 
established according to MC Donald criteria 
done by a neurologist and confirmed by MRI 
and sometime by oligo-clonal band test in the 
CSF.  
Patients were divided into two groups; group I 
on treatment and group II as newly diagnosed 
patients. This study was approved by the 
Institutional Review Board of the College of 
Medicine, Al-Nahrain University, and all 
samples were obtained with informed consent 
in accordance with the Teaching Hospital of 
Medical City declaration. 

Five ml of blood were collected from each 
patient and control, divided into 3 ml for serum 
separation and 2 ml for DNA extraction then 
stored at -20 oC until used. 
 
DNA extraction: 
DNA Extraction Kit (Genaid) is optimized for 
genomic, mitochondrial and virus DNA 
purification from whole blood (fresh blood and 
frozen blood) and tissue. 
  
Detection of vit. D in the serum (Eurouimmun 
– Germany) 
This ELISA test kit is designed for the in vitro 
determination of 25-OH vit. D in human serum 
or plasma samples. 
 
Detection of human IL-10 (Ray Bio – USA) 
Human IL-10 ELISA kit is an in vitro enzyme-
linked immune-sorbentassay for the 
quantitative measurement of human IL-10. This 
assay employed an antibody specific for human 
IL-10 coated on a 96- well plate. Standards and 
samples are pipetted into the wells and IL-10 
present in a sample is bound to the wells by 
the immobilized antibody. The wells are 
washed and biotinylated anti-human IL-10 
antibody is added. After washing away 
unbound biotinylated antibody, HRP-
conjugated streptavidin is pipetted to the 
wells. The wells are again washed, a TMB 
substrate solution is added to the wells and 
color develops in proportion to the amount of 
IL-10 bound. The Stop Solution changes the 
color from blue to yellow, and the intensity of 
the color is measured at 450 nm.  
 
HLA-DRB1 genotyping (Fujirebio – Belgium) 
The HLA-DRB1 genotyping is done by INNO- 
LIPA HLA-DRB1 amplification plus kit and INNO- 
LIPA HLA-DRB1 plus kit (which is line probe 
assay) by single sequencing probe, PCR-SSO 
method. 
 
Statistical analysis 
Analysis of data was carried out using the 
available statistical package of SPSS-22 
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(Statistical Packages for Social Sciences- version 
22). Statistical significance was considered 
whenever the P value was equal or less than 
0.05. The significance of difference of different 
means (quantitative data) were tested using 
Students-t-test for difference between two 
independent means or Paired-t-test for 
difference of paired observations (or two 
dependent means), or ANOVA test for 
difference among more than two independent 
means. The significance of difference of 
different percentages (qualitative data) was 
tested using Pearson Chi-square test with 
application of Yate's correction or Fisher Exact 
test whenever applicable. 
 
Result 
The mean age of patients was 34.5 ± 10.6 
years, and there was female predominance 
among patients, there were 35 (58.3%) of MS 
patients females, while 25 (41.7%) were males. 
Regarding distribution of patients according to 
family history the current data showed that 

(10.0%) of patients had positive family history 
of MS. No statistically significant association (p 
> 0.05) in age or gender existed between 
patients and control group.  
The MS patients were distributed on three 
subgroups according to type of the disease, 55 
(91.6%) of patients were with relapsing 
remitting type and 3 (5%) of patients were with 
secondary progressive type while 2 (3.3%) of 
patients with primary progressive type. The 
HLA genotyping was done for (48) patients and 
(30) controls, the result referred to 
considerable difference (but not significant P > 
0.05) between the patients and control 
regarding DRB1 *15, table (1), 12 out of 48 
patients were DRB1 *15 positive and 3 out of 
30 controls were positive (P value 0.102). The   
DRB1 *11   was high in both groups (18 in MS 
group and 11 in control) but no significant 
difference between them. Also DRB1 *13 was 
high in the 2 groups without significant 
difference (12 in MS 11 in controls). 

 
Table 1. HLA-DRB1 genotypes distribution among cases and controls 

 

Allel 

Multiple 
sclerosis 

Control 
OR 95% CI for OR P value 

Positive % positive % 
DRB1*01Allel 2 4.2 2 6.7 0.609 0.081-4.568 0.626 
DRB1*03Allel 14 29.2 13 43.3 0.538 0.208-1.397 0.201 
DRB1*04Allel 10 20.8 4 13.3 1.711 0.484-6.044 0.401 
DRB1*06Allel - - 1 3.3 - - - 
DRB1*07Allel 11 22.9 7 23.3 0.977 0.331-2.880 0.966 
DRB1*08Allel 3 6.3 1 3.3 1.933 0.192-19.49 0.570 
DRB1*09Allel 2 4.2 - - - - - 
DRB1*10Allel 2 4.2 2 6.7 0.609 0.081-4.568 0.626 
DRB1*11Allel 18 37.5 11 36.7 1.036 0.403-2.666 0.941 
DRB1*13Allel 12 25.0 11 36.7 0.576 0.214-1.548 0.272 
DRB1*14Allel 2 4.2 2 6.7 0.609 0.081-4.568 0.626 
DRB1*15Allel 12 25.0 3 10.0 3.0 0.770-11.69 0.102 
DRB1*16Allel 2 4.2 - - - - - 

Blank 6 3      
OR = odd ratio, CI= confidence interval of OR 

 
The present study showed significant decrease 
(P < 0.05) in the serum level of IL-10 among MS 

patients (1.49 pg/ml) as compared with healthy 
control group (1.71 pg/ml). Similarly, the vit. D 
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level was insignificantly less in patients group 
(13.02 ng/ml) as compared to 15.31 ng/ml of 
the control group (Table 2). Considering the IL-
10 level, the current result revealed no 
significant differences between healthy 
controls and newly diagnosed MS patients, 
while it was significantly less (P = 0.009) in the 
treated MS patients versus healthy control 
group. Similarly, its level was significantly 
decreased (P = 0.028) in the treated versus 

newly diagnosed MS patients. Interestingly, 
comparing the three studied groups showed 
significant difference in mean of vitamin D level 
between control group and newly diagnosed 
patients (Table 3). 
Likewise, no significant differences between 
healthy control and MS patients on treatment. 
In addition, the present study showed no 
significant correlation between IL-10 and vit. D, 
(Table 4).   

  
Table 2. Interleukin-10 and vitamin D levels in patients with multiple sclerosis and control group 
 

Parameter 

Multiple sclerosis 
N = 60 

Control group 
N = 30 P value 

Mean ± SD SE Range Mean ± SD SE Range 
IL-10 (pg/ml) 1.49±0.40 0.054 0.60-3.10 1.71±0.56 0.114 1.10-3.40 0.049* 
Vit. D (ng/ml) 13.02±5.89 0.794 4.50-35.50 15.31±6.01 1.203 4.60-31.00 0.114 

IL-10 = interleukin-10, Vit. D = vitamin D, *Significant difference using student-t-test between two independent means 
at 0.05 level 

 
Table 3. Interleukin-10 and Vit. D levels in the serum of MS sub groups and controls  

 

Group IL-10 (pg/ml) Vit. D (ng/ml) 

Mean ± SD SE Range Mean ± SD SE Range 
Newly MS 1.60±0.44 0.080 1.10-3.10 11.04±4.32 0.831 4.50-18.80 

Treated MS 1.37±0.32 0.062 0.60-2.30 14.93±6.61 1.248 5.20-35.50 
Control group 1.71±0.56 0.114 1.10-3.40 15.31±6.01 1.203 4.60-31.00 

P value  0.009* 0.005* 
P value 0.028‡ 0.013‡ 
P value 0.022† 0.014† 

IL-10 = interleukin-10, MS = multiple sclerosis, * = significant difference using student-t-test comparing treated MS 
patients with the control group, ‡ = significant difference using student-t-test comparing treated MS patients versus 
newly diagnosed MS patients, † = significant difference using ANOVA test among three independent means. 
 

      Table 4. Correlation between IL-10 and vitamin D in MS subgroups 
 

Group  r p 
MS (n=60) -0.110 0.434 

Newly MS (n=30) -0.051 0.801 
Treated MS (n=30) -0.011 0.957 

* IL-10 (pg/ml), vit. D (ng/ml)  
 

Discussion 
Current result revealed higher frequency of 
DRB1 *15 allele in MS group as compared with 
control, the difference was statistically not 
significant but considerable which is agreed 

with Chao et al (7), Hossein et al (8) and disagree 
with Disanto et al (9). As it is known the 
common HLA alleles are different between the 
populations depend on the ethnic group, 
migration and other factors. The allele 
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frequency of HLA-DRB1*15 is found to be 
around 33-36% among Norwegian MS patients, 
significantly higher than control (10). In most 
European studies on MS populations there is 
an association to the HLA-DRB1*1501 allele (11). 
It has been suggested that there is another HLA 
DRB1 allele associated with the increase 
susceptibility for MS, the most determined 
additional risk allele is HLA-DRB1*03 (12). In 
Sardinia, the HLA-DRB1*03 is significantly 
associated with MS while HLA-DRB1*1501 has 
a low frequency (13). It is estimated that the HLA 
class II association accounts for 20-60% of the 
genetic susceptibility in MS (14). 
In addition, the current results revealed that 
the IL-10 concentration in treated MS patients 
was significantly less than healthy control, this 
result correspond with other studies 
Hasheminia et al (15) and Inoge et al (16). The 
level of IL 10 in treated MS patient with 
interferon beta was less than of newly 
diagnosed MS patients this result agree with 
Inoge et al (16) and disagree with  Oèzenci et al 
(17) who referred that the untreated patients 
had lower numbers of IL-10 secreting blood 
MNC( mono nuclear cell) compared with the 
control group. Dimisianos et al (18) referred that 
the IL-10, IL-4 and IL-6 not affected by IFN𝛽 
treatment, so, the significantly decrease of IL-
10 in the treated patient may be not due to the 
treatment, but may be during the disease 
progression there will be depletion in the IL-10 
which lead to relapses recurrence. Peelen et al 
(19) mentioned that IL-10 not affected with 
treatment in MS patients. 
Interleukin 10 was first identified as a molecule 
that limits inflammation and supports humeral 
immune responses. IL-10 deficient animals 
develop lethal inflammation of the intestine, 
which can be relieved by ectopic 
administration of IL-10. Deficiency or aberrant 
expression of IL-10 can enhance inflammatory 
response to microbial challenge but also lead 
to development of a number of autoimmune 
diseases (20). IL-10 has been also implicated in a 
number of other inflammatory animal models, 
including experimental autoimmune 

encephalomyelitis (21). Thus, impaired IL-10 
expression or signaling can enhance clearance 
of pathogens during an acute infection but also 
exaggerate inflammatory response resulting in 
exacerbated immunopathology and tissue 
damage (22). 
Other studies have shown that increased IL-10 
levels in spinal cord correlate with EAE 
remission, and exogenous administration of IL-
10 effectively ameliorated EAE when targeted 
directly to the CNS. Similarly, lower production 
of IL-10 in humans appears to be a risk factor 
for MS, as accumulative data have shown that 
MS patients had lower IL-10-secreting T cell 
frequency than controls. Overall, experimental 
findings indicate that IL-10 has an important 
disease suppressor function in both EAE and 
MS (23-24). 
In the present study, the level of vit. D in serum 
of patients and healthy controls was less than 
30 ng/ml except one patient and one control. 
There was no significant deference’s between 
healthy group and patients this result 
consistent with Al-Mahdawi et al (25). Grau-
López et al (26) showed no differences in the 
level of vit. D in healthy control and patients in 
summer and no relationships were found 
between plasma 25(OH) D concentrations and 
clinical or radiological variables. Present result 
disagree with Van der et al (27) and Soilu-
Hänninen et al (28) who mention that the serum 
levels of vit D were significantly lower in 
patients than in controls .  
Its worthy to mention that the level of vit. D in 
serum of newly diagnosed patient was 
significantly less than the healthy control. The 
explain of this result one of two probability: the 
first one is that the newly diagnosed patients 
usually have the first relapse maximally before 
4-6 weeks and a lot of studies refer to that the 
concentration of the vit. D decreased during 
and after short period of the relapse according 
to Al-Mahdawi et al (25). Also researchers 
working in Tasmania reported an inverse 
relationship between the relapses rate and 
estimated serum 25(OH) D (29). 
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Second explanation that the low level of vit. D 
is one of the environmental risk factors, which 
involved in the initiation of the disease, and the 
level of the vit. D in MS patients on treatment 
more than newly diagnosed patients may due 
to their listening to their doctor’s advising to 
improve their nutrition or due to consumption 
of some of the nutritional complementary, 
which contain vit. D. 
Many reports of vitamin D deficiency predicting 
development of autoimmune disease in the 
future have been published for MS, and other 
autoimmune disease like diabetes mellitus and 
rheumatoid arthritis (30). 
Also in current study, there was a significant 
relationship between low levels of vit. D and 
the gender, the result revealed that the women 
were significantly lower than men in the serum 
level of vit. D; this agree with Issa, 2007 (31) who 
found that the vit. D level is significantly lower 
in women's serum also found variation in vit. D 
level among seasons. This work is disagreeing 
with Johnson et al (32). This difference in vit. D 
levels between men and women in Iraqi 
population may due to social religious reasons 
and behaviors which is impose on  women to 
cover all the body and as a result they will 
exposed to the sun light less than men, or due 
to repeated pregnancy which is led to vit. D 
depletion in the body. Also there is another 
explanation; that the difference is due to the 
normal physiology of males and females, the 
hormonal changes during the normal 
Menstruation may play a role. 
In conclusion, the result of current study 
revealed that the HLA-DRB1*15 in MS patients 
was common but its cant be considered as a 
susceptible allele. As well as the IL-10 
deficiency may play an important role in MS 
disease progression and its continuous 
deficiency may lead to increase disease 
activity. In addition, vit. D deficiency may play a 
role as cofactor for disease initiation or its role 
may restrict during relapses. 
 
 
 

Acknowledgment  
We thank Dr. Sarmed Al-Mashta, head of MS 
clinic (Baghdad Teaching Medical City) for 
helping us to collect patients' data; our thanks 
extend to the medical staff in the Emergency 
Lab, Baghdad Teaching Medical City, medical 
staff in the Molecular and Immunology Lab, Al-
Imamain Al-Kadhimain Medical City and 
medical staff in the Histological Matching Lab, 
Al-Karma Hospital. 
 
Author Contribution   
Dr. Abbas supervisor the study; Dr. Khaliel did 
the laboratory work and write the article; and 
Dr. Shaheed examined the patients and 
consultant. 
 
Conflict of Interest 
No conflict of interest 
 
Funding  
This study was funded by 2nd author 
  
References  
1. Hauser SL and Oksenberg JR. The neurobiology of 

multiple sclerosis: genes, inflammation, and 
neurodegeneration. Neuron. 2006; 52: 61-76. 

2. Link J. HLA genetics in multiple sclerosis. PhD thesis 
submitted to the department of clinical 
Neuroscience, Karolinska Institute, 2012; Stockholm, 
Sweden. 

3. Akesson E, Oturai A, Berg J, et al. A genome-wide 
screen for linkage in Nordic sibpairs with multiple 
sclerosis. Genes Immun. 2002; 3: 279-85. 

4. Who gets MS? (epidemiology). National Multiple 
Sclerosis Society website. 
http://www.nationalmssociety.org/What-is-
MS/Who-Gets-MS. Accessed August 3, 2014. 

5. Asadulah K, Sterry W, and Volk HD. Interleukin-10 
Therapy—Review of a new approach by The 
American Society for Pharmacology and Experimental 
Therapeutics. Pharmacol. 2003; 55: 241-69. 

6. Adorini L. Intervention in autoimmunity: the 
potential of vitamin D receptor agonists. Cell 
Immunol. 2005; 233: 115-24. 

7. Chao  MJ , Barnardo MC, Lincoln MR, et al. HLA class I 
aleles tag HLA-DRBV1501 haplotypes for differential 
risk in multiple sclerosis susceptibility . The National 
Academy of Sciences of the United States of America. 
2008; 105(35): 13069-74.  



 Iraqi JMS 2016; Vol. 14(2) 

 165 

 

8. Hossein K, Malihe K, Yadollah K, et al. HLA allele 
frequencies in Iranian optico spinal multiple sclerosis 
patients. J Biomed Sci Engine. 2011; 4: 511-5. 

9. Disanto G, Magalhaes S, Handel AE, et al. HLA-DRB1 
confers increased risk of pediatric-onset MS in 
children with acquired demyelination MD. Neurology 
2011; 76: 781-6. 

10. Smestad C, Brynedal B, Jonasdottir G, et al. The 
impact of HLA-A and -DRB1 on age at onset, disease 
course and severity in Scandinavian multiple sclerosis 
patients. Eur J Neurol. 2007; 14: 835-40. 

11. Ballerini C, Guerini FR, Rombola G, et al. HLA multiple 
sclerosis association in continental Italy and 
correlation with disease prevalence in Europe. J 
Neuroimmunol. 2004; 150: 178-85. 

12. Yeo TW, De Jager PL, Gregory SG, et al. A second 
major histocompatibility complex susceptibility locus 
for multiple sclerosis. Ann Neurol. 2007; 61: 228-36. 

13. Marrosu MG, Murru R, Murru MR, et al. Dissection of 
the HLA association with multiple sclerosis in the 
founder isolated population of Sardinia. Human 
Molecular Genetics. 2001; 10(25): 2907-16. 

14. Haines JL, Terwedow HA & Burgess K, et al. Linkage 
of the MHC to familial multiple sclerosis suggests 
genetic heterogeneity. The Multiple Sclerosis 
Genetics Group. Human Molecular Genetics 1998; 
7(8): 1229-34. 

15. Hasheminia SJ, Tolouei S & Zarkesh-Esfahani SH. 
Cytokine Gene Expression in Newly Diagnosed 
Multiple Sclerosis Patients. Iran J Allergy Asthma 
Immunol April 2015; 14(2): 208-16. 

16. Inoge S, merino J, Bander E, et al. Cytokine flow 
cytometry differentiates the clinical status of multiple 
sclerosis (MS) patients. Clin Exp Immunol. 1999; 115: 
521-5.  

17. Oezenci V, Kouwenhoven M, Huang M, et al. Multiple 
sclerosis is associated with an imbalance between 
tumor necrosis factor-alpha (TNF-a)- and IL-10-
secreting blood cells that is corrected by interferon-
beta (IFN-b) treatment. Clin Exp Immunol. 2000; 120: 
147-53. 

18. Dimisianos N, Rodi M, Kalavrizioti D, et al. Cytokines 
as biomarkers of treatment response to IFN� in 
relapsing-remitting multiple sclerosis. Mult 
Scler Int. 2014; 2014: 436764. doi: 
10.1155/2014/436764. 

19. Peelen E,  Thewissen M, Knippenberg M, et al. 
Fraction of IL-10+ and IL-17+ CD8 T cells is increased 
in MS patients in remission and during a relapse, but 
is not influenced by immune modulators. J 
Neuroimmunol. 2013; 258(1-2): 77-84. 

20. Granelli-Piperno A, Golebiowska A, Trumpfheller C, et 
al. HIV-1-infected monocyte-derived dendritic cells 
do not undergo maturation but can elicit IL-10 
production and T cell regulation. Proc Natl Acad Sci 
USA. 2004; 101: 7669-74. 

21. Van Laethem JL, Marchant A, Delvaux A, et al. 
Interleukin 10 prevents necrosis in murine 
experimental acute pancreatitis. Gastroenterology. 
1995; 108: 1917-22. 

22. Ejrnaes M. Resolution of a chronic viral infection 
after interleukin-10 receptor blockade. J Exp Med. 
2006; 203: 2461-72. 

23. Eyles D, Almeras L, Benech P, et al. Developmental 
vitamin D deficiency alters the expression of genes 
encoding mitochondrial, cytoskeletal and synaptic 
proteins in the adult rat brain. J Steroid Biochem Mol 
Biol. 2007; 103: 538-45. 

24. Cantorna MT. Vitamin D and multiple sclerosis: an 
update. Nutr Rev. 2008; 66: S135-S138. 

25. Al-Mahdawi AM, Al Gawwam G, Al Ethawi RA. 
Association of vitamin D Metabolite levels with 
relapse rate and disability in multiple sclerosis. The 
Iraqi Postgraduate Medical J. 2014; 3(2): 298-305. 

26. Grau-López L, Granada MA, Raïch-Regué D, et al. 
Regulatory role of vitamin D in T-cell reactivity 
against myelin peptides in relapsing-remitting 
multiple sclerosis patients. BMC Neurol. 2012; 12: 
103.  doi: 10.1186/1471-2377-12-103. 

27. Van der Mei IA, Ponsonby AL, Engelsen O, et al. The 
high prevalence of vitamin D insufficiency across 
Australian population is only partly explained by 
season and latitude. Environ Health Perspect. 2007; 
115: 1132-9. 

28. Soilu-Hänninen M, Airas L, Mononen I, et al. 25-
hydroxy vitamin D levels in serum at the onset of 
multiple sclerosis. Mult Scler. 2005; 11: 266-71. 

29. Tremlett H, Van de Mei I, Pittas F, et al .Monthly 
ambient sunlight, infections and relapse rates in 
multiple sclerosis. Neuroepidemiology. 2008; 31: 
271-9. 

30. Munger KL, Levin LI, Hollis BW, et al. Serum 25-
hydroxyvitamin D levels and risk of multiple sclerosis. 
JAMA. 2006; 296: 2832-8. 

31. Issa AM. Alterations of vitamin "D" level in sera of 
Iraqi population. J Karbala Univ. 2007; 5: 58-64. 

32. Johnson LK, Hofso D, Aasheim ET, et al. Impact of 
gender on vitamin D deficiency in morbidly obese 
patients: a cross-sectional study. Eur J Clin Nutr. 
2012; 66: 83-90. 
 

 
Correspondence to Alaa H. Khaliel 

E-mail: Alaaaltamemy79@gmail.com 
Received 20

th
 Dec. 2015: Accepted 20

th 
Apr. 2016 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cytokines+as+biomarkers+of+treatment+response+to+IFN%F0%9D%9B%BD+in+relapsing-remitting+multiple+sclerosis.+MS+Int.+2014
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cytokines+as+biomarkers+of+treatment+response+to+IFN%F0%9D%9B%BD+in+relapsing-remitting+multiple+sclerosis.+MS+Int.+2014
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soilu-H%C3%A4nninen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15957505
http://www.ncbi.nlm.nih.gov/pubmed/?term=Airas%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15957505
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mononen%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15957505
http://www.ncbi.nlm.nih.gov/pubmed/?term=Munger%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=17179460
http://www.ncbi.nlm.nih.gov/pubmed/?term=Levin%20LI%5BAuthor%5D&cauthor=true&cauthor_uid=17179460
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hollis%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=17179460
mailto:Alaaaltamemy79@gmail.com

